Vn. CONCLUSIONS The study of power system stability under transient conditions is a tedious task because the differential equations of motion describing even the simplest system are nonlinear. The general approach has been to obtain a time solution and to observe if the system is stable or not by inspecting the first and subsequent swings. The amplitude of these swings, whether increasing or decreasing, determines the magnitude of the sus tained oscillation and the ability of the system to be stable when operating in the dynamic region.
It is the purpose of this dissertation to analyze the characteristics of the following factors under transient conditions :
1. Excitation system response 2. Synchronous machine and connected system characteristics 3. Governor response
These components are interrelated and the interrelation is quite complex. The effects of each component will be discussed independently, and then the combined results will be evaluated.
For the purpose of this study, the system shown in Fig. 1 is taken to "be representative of the problem. It consists of a synchronous machine (S) driven "by a turbine (T) which is controlled by a governor (G) to respond for any speed variation 6, and the generator is electrically connected to a load system. The differential equation defining the behavior of the synchronous generator subjected to a small power pulsation due to a sudden change in electrical output power of the machine is ™ + D I = P in (5) where A is a constant depending on the initial conditions. P rf Since is greater than due to the fact that the damping M #r coefficient is usually less than the accelerating coefficient, then
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Zyp (8) out GENERATOR It is seen that if D is equal to zero, the angular oscillation would simply continue at its initial amplitude, and also if D is negative, the amplitude of oscillation would build up with time, but in practical cases the damping coefficient is positive which will help in decaying the oscillation rapidly.
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II. REVIEW OF LITERATURE
Stability oscillation in interconnected power systems has "become more evident during the last fifty years, and during this period power systems have grown to such dimensions that special measures have had to be taken and special designs introduced in order to ensure a maximum of reliability. Very large blocks of powers are now transmitted over long distances, so it is becomming more likely for disturbances to happen and oscillations will become more significant. However, in order to prevent instability during a reasonable disturbance, a line capacity must be provided to permit sufficient transfer of synchronizing power over the tie-line. This immediately implies that ties between systems should be designed, not only for the economic normal interchange power, but also to handle the required synchronizing power. In other words, the question of stability limit is the major key in judging the system performance.
Kimbark (l, 2), Crary (3,4), and Dahl (5) give excellent discussion of the various aspects of transient and steady state stability limits.
Since the problem of power system stability is to determine whether or not the various synchronous machines on the system will remain in synchronism with one another, the characteristics of these machines obviously play an important part in the problem, and many notable papers have been written on this subject.
In the period from 1923 to 1928 the solution for a three-phase short circuit of a cylindrical-rotor machine was accomplished by Bakku, Biermanns, Dreyfus, and Lyon (6) under these assumptions: (l) The total armature self inductance is constant, (2) the rotor has only one circuit, (3) the saturation is negligible. Their work was the first step in evaluating the armature reactance of synchronous machines. Doherty, R. E. and Nickle, C. A. (7) published a paper in 1928 for the solution of single phase short circuits for salient and non salientpole machine. In their paper they assumed the self inductance is variable with respect to the rotor position, and the author believes that their brilliant work was a major advance in analyzing the machine character istics during the transient period. In 1957 (ll) Concordia, C. published a paper for the analysis of non salient-pole machine in terms of direct and quachature quantities in the case when any balanced impedance is connected to the armature terminals, in i960, (12) he published a paper which he considered as expressing the results of the previous paper in more convenient form.
He concluded that the effect of the air-gap and rotor surface curvature is very small, and a large solid-rotor machine develops a relatively large damping torque, and the resistance of the machine should "be taken into account for calculating the proper value of subtransient impedance.
In I95O (13) Concordia, C. published a paper for the analysis of synchro nous machine damping and synchronizing torques, and the object of his work was to present the results of some calculations of damping and synchronizing torque coefficients which were calculated by Park (9) with fixed excitation systems. He concluded in his paper that for any fixed value of armature resistance of the machine with armatessier winding, the damping coefficient never decreases, and usually increases with decreasing external line reactance in the range of system parameters studied.
A great deal has been written about the effects of excitation response on stability. Before modern quick-operating circuit breakers and relays were developed, the transient stability limits of a system was low as compared to the steady state limit. As a result, studies were made in those days which lead to improving the power limits by high speed excitation response. The effect of salièney in the subtransient period is small, due to the fact that the damper winding is more effective than the field winding in keeping the stator flux out of the rotor circuit at the instant of a disturbance because the damper winding has lower reactance than the field winding, and is closer to the stator surface. Therefore it is assumed that the direct-axis subtransient reactance is equal to the quadrature-axis subtransient reactance X^ which means that the excitation voltage E" is equal to the subtransient internal voltage E% The directaxis components of the internal voltage E^ and E^ appear suddenly in the subtransient period due to the effect of the quadrature-axis component of the armature reaction, and that is why the quadrature-axis armature current is considered in that period.
Fig. 2. Vector diagram of a salient-pole machine connected to infinite-bus in the subtransient period (resistance is neglected)
The differential equation expressing the rate of change of the quadrature-axis component of the internal voltage as given by Kimbark (2) and Crary (4) • W (x a ' X P ^ (5) •where X is the direct-axis sync^vonour reactance, ilj the a-c subtransient direct-axis armature current. The direct-axis subtransient component of the armature current is
Similarly the quadrature-axis subtransient component of the armature current is
Therefore from Equations 7; 8, 1$, and 15, the rate of change of the quadrature-axis components of the internal voltages of the two machines
Similarly from Equations 10, 11, 14, and 15, the rate of change of the direct-axis components of the internal voltages is
rjn" 1=2 3t " < X q " X q^2 cos 22 It is seen from the above two equations the the damping coefficient decreases by increasing the external reactances of the systems.
B. Load Damping
The input power to the system which is equal to the positive-sequence output power of the machine is the algebraic sum of the damping power and the synchronous power. Therefore from Equations 52 and 53 the input power to the system is P in system = M 8 ' + <= + V 1 (56) where P (ô) is the synchronizing power. E. l$l
Fig. 4b. Equivalent circuit of two-machine system
Following any disturbance, especially a fault condition, the output power of synchronous generators decreases, and due to the discontinuity "between the mechanical input and electrical output, then the generator rotor will speed up. Accordingly there is applied to the system a component of power having higher speed than normal due to the power generated by the generator which has increased its speed, and this is obviously clear from Equation $6. This component of power at slightly higher speed develops additional electrical power due to the character istics of the connected system. This effect is reflected to the generator and produces damping in the generator. 
where C is a constant depending on the load characteristic.
Therefore the additional electrical input power to the system which can be translated as the reflecting generator damping is This means that the controller will not operate and reach steady state condition. Suppose there is a disturbance in area 1 due to sudden change in load 1, therefore ^ p* should be equal to zero, i.e. controller 2 will not operate, and the reverse is true if there is a disturbance in area 2.
For three-phase short circuits in the interconnected system, the two machines will be disturbed depending on the power flow, and the two controllers will operate. 
where t^ is the controller time lag, and is equal to 0.26 second approxi mately. It is seen from the above equation that Ap^ is negative if t is less than t» which means that the oscillation increases during the first few cycles of disturbance.
B. Governor Response
The input signal to the governor is , dô, Ap i (t) = it + ûp î < tJ (46) where R^ is the steady state regulation of machine 1.
By convolution theorem, the output signal of the governor can be 
Equation 50 gives the rate of change of the output signal of the turbine with respect to the slip, and due to the turbine characteristic the infinitesmal change in the output signal which can be expressed as the prime mover damping power coefficient is
is the prime-mover characteristic constant. P 1 (51) It is seen that the damping power of the prime-mover is negative which means that the output power of the turbine decreases which improves the stability of the system.
By making the approximation that ^ AtB^ and AE^ -AtÊ^ and AE^ * AtÊ^ .
Then from Equations 32, 33, 39, 48, and 51, the rate of change of the angular rotor position of machine 1 is
where p" is the steady state mechanical input to the machine 1 p(ôn,ô0) b., -L d. output, is the synchronizing power of machine 1, and as given "by Crary (4) is E^2 E^ Eg eq.ua! to %-sin OL + -sin (ô, -ôc -a, c) .
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where Pg is the steady state mechanical input to the machine 2 p(ôpôg) 2 output^ is the synchronizing power of machine 2, and as given "by Crary (4) E" 2 Eg E^ is equal to Z , sin ct^ + sin (ô^ -Ô, + (X^). Tables 1 and 2 .
Additional run is made by setting K and equal to zero, and t equal to 0.15 second to see if it is possible to neglect the controller signal.
The additional results are tabulated in Table 5 . p.u controller. This is clear from Fig. 6, 7 , since the amplitudes of 5 and the slip 6* decrease rapidly in magnitude till,equilibrium is reached. However the amplitudes in the subsequent swings without taking damping into account are decreasing very slowly due to the sustained oscillations and the system is not known to be stable until two seconds and the transient stability limit will be lower and lower. Therefore the damping power and governor responses play an important rule in increasing and judging the stability of the system and they should be taken into consideration.
